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Movement: Higher Control
Chapter 14
· Input to spinal cord 

· Lateral Pathways: Directed movements  – lateral motor neurons – distal muscles

· Lateral Corticospinal tract
· axons cross the midline at the pyramidal decussion in the medulla

· Rubrospinal tract – from red nucleus in midbrain

· Medial Pathways: Posture – proximal and axial motor neurons 

· Three tracts that arise from brainstem nuclei

· Vestibulospinal tracts: balance

· Tectospinal or Colliculospinal tract: coordinating head and eye movements 

· Reticulospinal tracts: maintenance of posture 

· pontine reticulospinal tract enhances antigravity reflexes

· medullary reticulospinal tracts inhibits antigravity reflexes – allowing other movements

· Motor cortex

· Primary motor cortex (Brodmann’s area 4)

· Contains a motor map of the body 
· Wilder Penfield used microstimulation in humans to make map

· Orderly representation explains Jacksonian seizures

· Over representation of areas of areas of fine motor control

· The map can change with experience – just like somatosensory map

· Does not have a representation of muscles, but coordinates many muscles in a region

· Neurons in primary motor cortex increase their firing prior to increase in force generation in a particular direction.

· directly activate a group of lower motor neurons
· Neurons in primary motor cortex are broadly tuned to movements in a particular direction 

· Precise movements are encoded by the population vector.

· A similar map of movement is found in the superior colliculus for encoding saccadic eye movements

· Premotor and Supplementary Motor Areas
· Involved in preparation for movement

· Neurons will fire if there is an intention to move in a particular direction

· Understanding these concepts allows the development of Brain-Computer Interfaces
· Basal Ganglia 
· Forms a feedback loop with cortex

· Cortex project to the Striatum

· Consists of two nuclei:
· Caudate nucleus

· Putamen
· Primary neuron is the GABAergic medium spiny neuron
· Striatum projects to Globus Pallidus  – also GABAergic 

· Globus Pallidus projects to the Ventral Lateral (VLo) nucleus of Thalamus

· VLo has excitatory projection back to cortex

· The net effect to provide excitation to cortex.

· Substantia nigra provides dopamine input that is “excitatory” to striatum.
· Parkinson’s Disease
· Symptoms 

· difficulty in initiating movement 

· movements are slowed 

· lack ability to generate spontaneous movements 

· muscles become rigid and show a characteristic tremor 

· results from loss of DA neurons 

· Leads to loss of excitation in Striatum
· Treatments

· L-DOPA to supplement DA
· Also treated by excising Globus Pallidus internal segment

· Deep Brain Stimulation 
· Huntingtons disease (“chorea”) 

· overactivity caused by degeneration of striatal neurons

· defect in Huntingtonin – caused by triplet repeat

· late onset autosomal dominant

· Other diseases of the basal ganglia include Tourettes and Schizophrenia

· Cerebellum
· Also participates in a feedback loop with cortex

· Cortex  to Pons to Cerebellum to cerebellar nuclei to VLc nucleus in Thalamus and back to cortex
· Compare intended motor output with actual movement
· Corrects future movements based on sensory input
· Different motor defects and tremors with different pathologies
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